Heat shock (HS) initiates rapid, extensive, and evolutionarily conserved changes in 17 transcription that are accompanied by chromatin decondensation and nucleosome loss 18 at heat shock loci. Here we have employed in situ Hi-C to determine how heat stress 19 affects long-range chromatin conformation in human and Drosophila cells. We found that 20 compartments, topologically-associated domains (TADs), and looping interactions all 21 remain unchanged by an acute HS. Knockdown of Heat Shock Factor 1 (HSF1), the 22 master transcriptional regulator of the HS response, identified HSF1-dependent genes 23
INTRODUCTION
between the NHS and HS conditions with a Pearson correlation coefficient ranging from 121 0.94 -0.95, suggesting no major difference in compartmentalization upon HS for any of 122 these categories of genes (Fig. 2B) . The small differences observed were similar in 123 magnitude to those observed between biological replicates from the same HS conditions 124 (R = 0.92 -0.93) ( Fig. S2) , suggesting that these differences are technical noise in the 125 data rather than real biological signal. Both HS up-and down-regulated genes were 126 predominantly localized in the active (A) compartment in both the NHS or HS conditions 127 (Fig. 2C) , consistent with previous observations of significant transcription of these genes 128 before and after thermal stress (8) . We observed small decreases in compartment 129 strength for all classes of genes after HS. However, these changes were not correlated 130
with the changes observed in transcription, indicating a transcription-independent 131 mechanism. Taken together, these results show that compartmentalization remains 132 largely unchanged during the first 30 min of HS. 133 134
Heat shock does not affect TAD boundaries 135 A previous study found evidence that TAD boundaries change following a short duration 136 of heat stress in Drosophila (20) . To determine whether TAD boundaries change in our 137
Hi-C data, we determined the insulation score (21) as a measure of TAD boundary 138 strength in NHS and HS conditions. We found that insulation scores were highly similar 139 between HS and NHS conditions (Pearson's R = 0.98), suggesting that TAD boundaries 140 remain stable in response to 30 min of HS (Fig. 3A, 3B, and S3 ). 141 142
Heat shock does not affect enhancer-promoter contact frequencies 143 We asked whether HS induces changes in contact frequencies between enhancers and 144 their target promoters. We focused on HSF1-dependent genes up-regulated, for which 145 the failure of the gene to activate following HSF1 knockdown provided functional evidence 146 of an interaction. The majority of HSF1-dependent genes had an HSF1 binding site 147 located within 1.5 kb of the transcription start site (TSS) (Fig. S4) . The distribution of 148 contact frequencies between the promoter and the HSF1 bound peaks stratified by 149 genomic distance revealed no significant increase in contact frequencies regardless of 150 the distance between them (Fig. 4A) . 151 This analysis was driven to a large extent by HSF1-dependent genes with an HSF1 152 binding site located near the promoter, and may therefore miss changes in contact 153 frequency at genes regulated by distal HSF1 binding sites. We found many clear 154 examples in which distal HSF1 binding sites played a role in gene activation at HSF1-155 dependent up-regulated genes. For example, SEMA7A did not show HSF1 occupancy at 156 the promoter, but harbors two HSF1 binding sites at an enhancer cluster that show HS-157 dependent enhancer RNA (eRNA) transcription and reside ~35 kb downstream of the 158 gene's TSS (Fig. 4B) . To quantitatively determine the connectivity of SEMA7A before and 159 after HS, we surveyed contact frequencies between the SEMA7A promoter and all DNA 160 within 100 kb up-and downstream using a virtual 4C analysis (Fig. 4B) . We found that 161 both HSF1 binding sites were located within the same TAD, as indicated by a higher 162 contact frequency with the SEMA7A promoter. However, neither HSF1 binding site 163 showed a local increase in contact frequency relative to the surrounding locus within the 164 same TAD in either HS or NHS cells; nor did we observe any systematic difference in 165 contact frequency with either HSF1 binding site when comparing NHS to HS. 166 Reasoning that we were likely underpowered to identify more subtle differences in 167 contact frequencies at individual genes, we examined the entire set of HSF1-dependent 168
HS up-regulated genes that have no evidence of HSF1 binding sites within 10 kb of their 169 TSS (n = 49). We found no significant differences in contact frequency before and after 170 HS (Fig. 4C) . Examination of contact frequencies between HSF1-independent and down-171 regulated genes and the nearest active transcriptional regulatory element whose activity 172 correlates with gene transcription based on PRO-seq, revealed no systematic differences 173 in contact frequencies following HS at these gene classes (Fig. 4C) . These results 174
indicate that global changes in contact frequencies between enhancers and target genes 175 remain largely unchanged following 30 min HS. 176 177
Chromatin contacts established before HS accurately predict HSF1-dependent 178 genes 179
A major unresolved problem in transcription regulation is identifying which enhancers 180 regulate target genes. Having observed no substantial changes in contact frequency 181
following HS that would allow us to connect target genes with HSF1 binding sites, we 182 asked whether the chromatin contacts necessary to facilitate a robust HS response were 183 established in the NHS condition. Consistent with this hypothesis, simply the distance to 184 the nearest HSF1 binding site predicted genes that were dependent on HSF1 with 185 reasonably high accuracy ( Fig. 5A, S4 ). However, this criterion did not predict dependent genes that were dependent on distal contacts, like SEMA7A. 187
Examination of the 49 HSF1-dependent genes that don't have any detectable 188 HSF1 binding within 10 kb of the TSS revealed that the majority of them still had HSF1 189 binding site(s) located within the same TAD (n= 35/ 49; 71%). However, we noticed no 190 evidence of a focal increase in contact frequency between the nearest distal HSF1 191 binding site and the HSF1-dependent gene promoter in either heat condition, either at 192 individual genes, or in aggregate. Increasing resolution to 3 kb by integrating published 193
K562 Hi-C data likewise did not reveal any evidence for a focal loop connection between 194 HSF1-dependent up-regulated promoters and the nearest HSF1 binding site ( Fig. S5) . 195 Thus, despite evidence of a functional interaction between distal HSF1 binding sites and 196 HSF1-dependent up-regulation of these genes, we observed no evidence of local 197 increases in their contact frequencies. 198 We asked whether we could distinguish HSF1-dependent and -independent genes 199 based on Hi-C contact frequencies, HSF1 binding location, and HSF1 binding strength. 200
The number of HSF1 binding sites, the contact frequency between the HSF1 binding site 201 and the promoter, HSF1 binding strength, and abundance of RNA polymerase at the 202 HSF1 binding sites, were each correlated with whether genes were HSF1-dependent or 203 not ( Fig. 5A ). Integrating these variables into a single classifier using gradient boosted 204 trees distinguished HSF1-dependent genes from HSF1-independent up-regulated genes 205 much more accurately than random guessing, as determined by the area under the 206 precision recall curve (auPRC) on holdout sites not used during model training ( Fig. 5B  207 and S6). The best model used the distance between the promoter and the nearest HSF1 208 binding site, and the HSF1 binding strength, suggesting that simply distance and strength 209
were enough to accurately classify most HSF1 dependent genes. 210
To develop a more biologically motivated classifier, we reasoned that HSF1 211 binding strength and the frequency of HSF1 binding site-promoter interactions were the 212 two most important factors for a distal HSF1 binding site to regulate a target gene (22). 213
We defined the "HSF1 dose" as the sum of all HSF1 binding sites within 1 Mb multiplied 214 by their scaled contact frequency, and accounting for whether there is transcription at 215 these HSF1 binding sites detectable by PRO-seq (23). We found that HSF1 dose 216 predicted HSF1-dependent and -independent up-regulated genes slightly but significantly 217
better than any other model (auPRC = 0.77; Fig. 5B ). Notably, transcribed HSF1 binding 218 sites had a larger effect on HSF1-dependent gene classification than non-transcribed 219 enhancers, consistent with reports that many active enhancers are transcribed (24-26). 220
Collectively, these results demonstrate that HSF1 dose (integrating HSF1 binding 221 strength, transcription status, and contact frequency of nearby HSF1 binding sites) 222 accurately predicted HSF1's direct target genes. 223 224
Pre-programmed chromatin architecture is conserved across metazoans 225
We asked whether chromatin architecture changes during heat stress in another 226 metazoan organism. An earlier study with Drosophila Kc 167 cells has shown that TAD 227 structures undergo reorganization upon heat shock with a general reduction in border 228 strength (20). However, our results with heat shocked Drosophila S2 cells revealed no 229 significant changes in TAD structure, insulation score or compartmentalization despite 230 dramatic transcriptional activation in hundreds of genes ( Fig. 6A, B , and C).
231
Compartment calls and insulation scores in NHS and HS conditions were found to be 232 highly similar, with both having a Pearson coefficient of 0.99 ( Fig. 6B and C) . The data 233 recapitulated that observed in human K562 cells showing pre-established contacts 234 between HSF dependent upregulated genes and their regulatory elements, in addition to 235
showing a propensity towards a higher number of short range contacts when compared 236 to the background contact frequency (Fig. 6D) . We further analyzed the data published 237
in NHS (27) and HS (20) conditions and found that technical variation between the NHS 238 replicates could explain the some of the differences in chromatin conformation reported 239 in (20) between NHS and HS cells ( Fig. S7) . Our analysis suggests that response to HS 240 in the context of 3D genome organization is prewired across metazoans, and this could 241 be necessary to provide the 'power' to rapidly drive the activation of genes having these 242 preexisting connections. 243 244 DISCUSSION 245
Chromosome conformation capture assays have provided powerful tools for interrogating 246 chromatin contacts in specific cell types and conditions (28) (29) (30) (31) (32) . Our understanding of the 247 chromosome structure has been dramatically reshaped in the recent years by the 248 identification of TADs, sub-TADs, loops, compartments and their roles in functional 249 regulation of the genome in association with the architectural proteins (16, 18, (33) (34) (35) (36) (37) . 250
Generally, TADs are highly conserved across cell types, but they disappear along with 251 compartments during mitosis (38). In differentiating cells, TADs are shown to be generally 252 conserved, but disruption of their boundaries have been reported in cancers cells that 253 could lead to oncogenesis (39). These studies indicate that in normal physiological 254 circumstances cells do not undergo significant rearrangements in TAD structure. 255
However, there is evidence that some loop changes and compartmental switching occur 256 during cellular differentiation and senescence associated with changes in gene 257 expression (19, 40, 41) . 258
Responses towards different environmental signals vary depending on the nature 259 of the signal, cell type and function. Transcriptional activation by heat shock is achieved 260 by preconditioning the chromatin landscape of enhancers and promoters that allow 261 establishment of promoter-proximal paused Pol II and the recruitment of critical 262 transcription factors to release paused Pol II into productive elongation (8). In contrast, 263 heat shock associated transcriptional repression of thousands of genes takes place by 264
inhibiting paused Pol II release in mammals and reducing Pol II density along entire genes 265 in flies (42). Our data suggests that heat shock does not alter TAD structures or weaken 266 intra/inter-TAD boundaries in humans and flies. Additionally, we did not observe any 267 significant switching or loss of compartmental strength following heat shock that is greater 268 than that in our highly-correlated biological replicates (Fig. S2 promoter clusters that leads to gene repression. Such a dramatic reorganization model 279 seems inconsistent with the evolutionarily conserved transcriptional down regulation seen 280 of different ontological classes of genes across multiple species during HS (5, 6, 8) . We 281 did not analyze changes in Polycomb mediated long-range interactions upon thermal 282 stress as it is beyond the scope of this study. However, if such interactions increase, they 283
are not an effect of TAD reorganization as our data show no detectable changes in TAD 284 structures upon HS. 285
Cellular state and physiology appear to be critical in determining the dynamics of 286 enhancer-promoter or promoter-promoter interactions. Although it has been shown that 287 regulatory contacts are newly formed or strengthened while cells are undergoing 288
transcriptional changes (43-45), there is also evidence of pre-established enhancer-289 promoter interactions during stimuli activation, differentiation, development and stress 290 (29, 43, 46, 47) . This suggests that both dynamic and stable enhancer-promoter contacts 291 could have contextual roles to regulate transcription of specific genes in a spatiotemporal 292 manner. However, in the case of HS response we observed that contacts between HS 293 regulated genes and the distal HSF1 bound regulatory element in the first 10 kb are pre-294 formed prior to HS. This result recapitulates the pre-established enhancer-promoter 295 contacts as observed upon TNF-α stimulation of IMR90 cells (29) or during hypoxic stress 296 in MCF-7 cells (47). Such evidence leads us to speculate that genomes have evolved to 297 pre-wire not only the local chromatin architecture (8) but also the long-range regulatory 298
interactions in 3D prior to stress so that the transcriptional response could be expedited. 299
Cells are more frequently exposed to different kinds of stresses including thermal, 300 osmotic, hypoxic etc. compared to other signaling cues for differentiation and 301 development. It is possible that cells need an architectural platform to initiate immediate 302 and rapid transcriptional response to survive thermal stress and a similar mechanism is 303 likely to occur during other stresses as well. The similarity in the effects of heat shock on 304 chromatin structure in humans and Drosophila suggests that stress response mechanism 305 is evolutionarily conserved in terms of regulatory interactions. 306 We used HSF1 as a model system to explore how transcription factors regulate 307 target genes at a distance. Using data from an HSF1 knockdown, we identified 308
transcriptional changes that were dependent on HSF1, but without HSF1 binding nearby 309 the TSS. We found that Hi-C data can help to distinguish genes where up-regulation 310
following HS was dependent on HSF1 from those where it was not. The best model 311 integrated the binding strength of HSF1 (as determined by ChIP-seq), the presence of 312 eRNA transcription at an HSF1 binding site, and the Hi-C contact frequency. Our 313 observations are consistent with the notion that Hi-C data is a surrogate for the degree to 314 which a distal enhancer is in a position where it is able to regulate target promoters 315
(although we note that simply the distance between the HSF1-dependent TSS and the 316 nearest HSF1 binding site preformed nearly as well in our test). Furthermore, data from 317
the NHS condition was just as informative as data from HS, and we observed no changes 318 in contact frequency after HS. Taken together, our results suggest that chromatin contacts 319 observed in Hi-C which are necessary for a robust HS are all in place prior to thermal 320 stress. 321
Our study investigates an important connection of transcriptional regulation to 322 chromatin interactions. In summary, we find the that chromatin interactions between 323 regulatory elements and their target promoters appear to be prewired, and that the 324 massive changes in transcription and chromatin following HS are not accompanied by 325 significant changes in TADs, TAD boundaries, compartments, or looping interactions. 326
Although we do not see a change in these chromatin conformations after a 30 min HS, 327 when transcription has already changed dramatically at genes and enhancers, we cannot 328
rule out that such conformational changes may occur at longer HS times. Given the 329 current resolution of chromosome conformation capture techniques, we cannot comment 330 on the changes in chromatin contacts at shorter distances that could have a role in the 331 transcriptional response upon HS. Further analysis using new, higher-resolution 332 chromatin conformation capture methodologies could allow delving more deeply into 333 changes in chromatin structure and interactions triggered by the stress response. 334 335
MATERIALS & METHODS 336
Heat shock treatments & formaldehyde crosslinking 337
Drosophila S2 cells were grown in M3+BPYE medium with 10% FBS at 25°C. Cells were 338 transferred to a shaking water bath maintained at room temperature for NHS or at 36.5°C 339 for HS. Simultaneously, an equal volume of medium (without FBS), kept at room 340 temperature or at 48°C was added into NHS or HS cells respectively. Cells were then 341 incubated for 20 min. Cells were centrifuged at 500 x g at 4°C for 5 min. The medium was 342 removed and cells were resuspended in 1x PBS. Crosslinking was done with the addition 343 of formaldehyde to a final concentration of 1%, and incubated for 10 min at room 344 temperature with occasional mixing. Glycine was added to a final concentration of 147 345 mM, and incubated at room temperature for 5 min with mixing. Cells were centrifuged and 346
the supernatant was discarded. The cells were washed once with 1x PBS and the pellets 347
were flash frozen in liquid nitrogen and stored at -80°C. 348
Heat shock for human K562 chronic myelogenous leukemia cells were done according to 349 the protocol described previously (8). The cells were grown in RPMI medium with 10% 350 FBS at 37°C. Prior to treatment cells were concentrated in 10 ml medium. Cells were 351 incubated at 37°C (NHS) or at 42°C (HS) water bath for 30 min. After treatment cells were 352 centrifuged for 5 min at 4°C and the supernatant was discarded. Cells were resuspended 353 in 1x PBS and crosslinked with formaldehyde to a final concentration of 1% for 10 min at 354 room temperature with occasional mixing. Crosslinking was quenched by the addition of 355 200 mM glycine for 5 min at room temperature with mixing. Cells were centrifuged at 500 356
x g for 5 min at 4°C and the medium was discarded. The cells were washed once with 1x 357 PBS and the pellets were flash frozen and stored at -80°C. 358
In situ Hi-C 360
We used 58 million S2 or 5 million K562 cells for in situ Hi-C. The frozen crosslinked cell 361 pellets were thawed on ice and resuspended in 250 μL ice-cold Hi-C lysis buffer (10mM 362
Tris-HCl pH8.0, 10mM NaCl, 0.2% NP40) with Protease inhibitor cocktail (Thermo). Cells 363
were incubated on ice for 30 min, centrifuged and washed once with 500 μL ice-cold Hi-364 C lysis buffer. The pellet was resuspended in 50 μL of 0.5% SDS and incubated at 62°C 365 for 7 min followed by addition of 145 μL water and 25 μL of 10% Triton-X-100 and 366 incubated at 37°C for 15 min. Finally, 25 μL of 10x NEBuffer2 and 5 μL (125 units) of 367 MboI (NEB) was added to the mixture. The sample was digested at 37°C overnight with 368 rotation. The sample was incubated at 62°C for 20 min to inactivate MboI and then cooled 369 to room temperature. Biotin fill-in of digested ends was done by adding 1.5 μL each of 10 370 mM dCTP, dGTP, dTTP, 37.5 μL of 0.4 mM Biotin-14-dATP (Thermo) and 8 μL (40 units) 371
of Klenow polymerase (NEB). The reaction was incubated at 37°C with rotation for 90 min 372 with rotation. Ligation was performed upon addition of 100 μL 10% Triton-X-100, 120 μL 373 of 10x T4 DNA ligase buffer (NEB), 12 μL of 10mg/ml BSA (NEB), 5 μL (2000 units) of 374 T4 DNA ligase (NEB) and 663 μL of water. The ligation mixture was incubated at room 375 temperature for 4 h with rotation. To reverse the crosslinks, 50 μL of 20 mg/ml Proteinase 376 K (NEB) and 120 μL of 10% SDS were added to the sample followed by an incubation at 377 55°C for 30 min. To this mixture 130 μL of 5M NaCl was added and incubated at 68°C 378 overnight. The reactions were cooled to room temperature and the sample was purified 379 by 1.6x volume of 100% ethanol and 0.1x volume of 3M Sodium acetate, pH 5.2 followed 380 by incubation at -80°C for 15 min. The sample was pelleted by spinning at 20,000 x g at 381 4°C and washed twice with 70% ethanol. The pellet was resuspended in 110 μL of 10 382 mM Tris-HCl, pH 8.0 and incubated at 37°C for 15 min to dissolve. The purified sample 383 was sonicated using a Bioruptor Diagenode sonicator at low setting, with 30 second on 384
and 90 second off for 20 min in an ice-cold water bath at 4°C. The sonicated sample was 385 then treated with 2 μL RNase A/T1 cocktail (Thermo) for 30 min at 37°C. The DNA was 386 cleaned up using Qiaquick PCR purification kit (Qiagen) and the eluate volume was 387 brought up to 300 μL with 10mM Tris-HCl, pH 8.0. Biotin pull down was done with 150 μL 388 of Dynabeads MyOne Streptavidin T1 (Thermo) that was washed with 400 μL of 1x Tween 389 wash buffer (5 mM Tris-HCl, pH 7.5, 0.5 mM EDTA, 1M NaCl, 0.05% Tween-20 Hi-C data analysis 413
Files containing sequenced read pairs were processed using the Juicer pipeline as 414
described (16). Reads for human K562 cells and Drosophila S2 cells were aligned to hg19 415 and dm3 respectively. We required that all alignments were high-quality by filtering for a 416 MAPQ score greater than 30. 417
Reads for Drosophila Kc167 cells ( Fig. S7 ) from (20) GSE63518) were processed in a similar fashion (i.e. aligned to dm3 and processed using 420 the Juicer pipeline). 421
Map resolution was calculated according to the definition proposed in ref (16), as the 422 smallest bin size such that 80% of loci have at least 1,000 contacts. We used this 423 definition to determine the finest scale at which one can reliably discern local features. 424 425
Contact map similarity: 426
Visualizations of the contact maps, PRO-seq data, and ChIP-seq data were produced 427 using Juicebox (16), HiGlass (48), and pyGenomeTracks (21). 428
To measure contact map similarity beyond our initial visual comparison, we used HiCRep 429
to obtain a stratum-adjusted correlation coefficient (SCC) (17 5B: 465
Control: Bypasses the classifier predictions and represents the results obtained by 466 random chance. 467 Dist / PS for closest peak: Uses the distance from the gene TSS to the closest peak and 468 the strength of that peak. 469
Dist / PS / CF: Similar the previous model with the addition of the contact frequency to 470 the closest peak. 471
We defined HSF1 dosage as: 472 473
where i represents the HSF1 binding site from {1 .. n} that are within 1 megabase of 474 each gene's TSS; Si represents the fold enrichment of HSF1 signal in binding site i over 475 input control called by MACS 1.4 (50); ti was set as a 1 if peak i intersected a dREG 476 transcription initiation region (23) and otherwise was set to a value of z (see below). Ci 477 was the contact frequency between HSF1 binding site i and the TSS; a, b, and z were 478 free parameters of the model that were optimized to maximize auPRC on a training set 479 of genes. In all cases, the training and test sets of genes were the same as used for the 480 gradient boosted trees (described above). We noted that optimizing a, b, and z 481 simultaneously using L-BFGS or conjugate gradients resulted in poor performance, in 482 which the fitted values were nearly unchanged from the starting values. Therefore, we 483
used Brent's method (51) Additional datasets used in this study 488 K562 HSF1 ChIP-seq data -GSE43579 (7); K562 PRO-seq data -GSE89230 (8); K562 489
H4ac CHIP-seq data -GSE89382 (8); S2 HSF ChIP-seq data -GSE19025 (4); S2 PRO-490 seq data -GSE77607 (5) A) Schematic of data sets generated and analyzed in this study. Human K562 or 519
Drosophila S2 HS and NHS cells were used to generate in situ Hi-C data, and these 520
datasets were compared to corresponding PRO-seq ( drawn as in Fig. 2B . 597 C) Correlation between insulation scores before and after HS. Plots were drawn as in Fig.  598 3B. 599 D) Contact frequency vs distance distribution pairs for HS vs NHS datasets. Plots were 600 drawn as in Fig. 4A . 601 602 Figure S1 : 603
Distribution of genes between various classes (HSF1-dependent and HSF1-independent 604 up-regulated, HS down-regulated, and HS unregulated). 605 606 Figure S2 : Correlation between the strength of compartment calls for replicates from the 607 same condition, genome-wide in K562. 608 Figure S3 : Correlation of insulation scores for replicates from the same condition, 609 genome-wide in K562. 610 611 Figure S4 : Cumulative frequency of the distances in base pairs between the peaks of 612 HSF1 binding sites and TSS of HSF1-dependent, HSF1-independent, down-regulated 613 and unchanged genes. 614 615 Figure S5 : Aggregate peak analysis for contact frequency between the nearest distal 616 HSF1 binding site and the HSF1-dependent gene TSS 617 A) No evidence of a focal increase in contact frequency between the nearest distal HSF1 618 binding site and the HSF1 dependent gene was observed in either heat condition. 619
Aggregate peak analysis was done as described previously (16). 620 B) K562 Hi-C data from (16) integrated with data from this study, increasing resolution to 621 3 kb. 622 623 Figure S6 : Boxplots showing spread of area under the precision recall curve (auPRC) 624 results for 1000 iterations of classifiers not included in Fig. 5B . From left to right, Control: 625 results obtained by randomly selecting the gene class; CF/PS for closest peak: contact 626 frequency and peak strength (fold enrichment of HSF1 binding signal) of the closest HSF1 627 binding site; CF/TC for closest peak: contact frequency and transcribed count (PRO-seq 628 reads) at the closest HSF1 binding site for NHS data; CF/TC/Dist for closest peak: 629 contact frequency, linear distance, and transcribed count (PRO-seq reads) at the closest 630 HSF1 binding site for NHS data; Dosage for closest peak: scaled contact frequency 631 multiplied by peak strength for closest HSF1 binding site; Modified dosage for all peaks: 632 scaled contact frequency multiplied by peak strength for all transcribed HSF1 binding 633 sites within a 2 Mb window around each gene TSS. 634 635 Figure S7 : Stratum-adjusted correlation coefficients for heat shocked and non-treated 636 (NT/NHS) replicates. The highest-level separation is between the HS (20) and non-637 treated conditions (27) r2:200,000,000 chr4:100,000,000 hr5:180,000,000 chr5:180,000,000 chr5:180,000,000 chr5:180,000,000 chr5:180,000,000 chr5:180,000,000 chr6:33,500,000 chr6:34,000,000 chr6:34,500,000 chr6: :200,000,000 chr4:100,000,000 :180,000,000 chr5:180,000,000 chr5:180,000,000 chr5:180,000,000 chr5:180,000,000 chr5:180,000,000 chr6:33,500,000 chr6:34,000,000 chr6:34,500,000 chr6: 
